Where Should the Operation Be Done?
Carotid endarterectomy is usually performed as an open surgical procedure in the operating room. However, there continues to be growing interest in the use of endovascular approaches for the treatment of carotid atherosclerotic disease. Proponents of the endovascular approach cite lower hospital costs, lower patient morbidity and an expanded target patient population as potential benefits. However, there are concerns about embolization during the procedure and the overall morbidity and durability of the procedure are still unknown. The majority of the published experience are non-randomized personal series. A number of large prospective, randomized multi-center studies are completed (CAVATAS, SAPPHIRE), or in progress (CREST, ACT1).
From the anesthesia perspective, the challenges usually associated with the radiology suite pertain. These include isolation from the main operating rooms, staff that may not be familiar with our needs and limited patient access during the procedure. We typically provide intravenously administered analgesia (fentanyl or remifentanil) and minimal sedation (midazolam or propofol) to patients undergoing these procedures. Embolization can occur before, during or after the angioplasty and patients should be appropriately monitored. At the time of balloon distention of the carotid artery, profound bradycardia may occur in some patients. Appropriate drugs and external pacing pads should be immediately available.
How Should The Anesthesia Be Done?
CEA can be performed safely under general anesthesia or regional anesthesia (including local anesthetic infiltration). Experienced centers report similar morbidity and mortality, and available evidence is insufficient to definitively establish the superiority of either technique. A recent meta-analysis found a benefit in favor of regional anesthesia when uncontrolled trials were compared, but no difference when randomized trials were compared. A recent Cochrane review using essentially the same data came to the same conclusion and called for a randomized trial. Such a randomized trial, the GALA trial, is indeed underway in Europe and has recruited about 2,000 patients. The principle investigators for the trial are a vascular surgeon and a neurologist, which is a sad indictment of the anesthesiology community.
Regional Anesthesia
Superficial and deep cervical plexus blocks are the most common regional anesthetic techniques for CEA. Superficial cervical plexus block combined with local anesthetic infiltration by the surgeon has been reported to provide equally effective anesthesia.
Carefully titrated sedation using either small, repeated intravenous doses of fentanyl (10-25 µg) and/or midazolam (0.5-2 mg) or a low dose remifentanil infusion (0.01-0.05 µg/kg/min) should ensure a comfortable and cooperative patient during the operation. Propofol is a reasonable alternative administered as a low dose continuous infusion (25-75 micrograms/kg/min). Provisions should be immediately available to convert to a general anesthetic if intraoperative conditions warrant.
Advantages of regional anesthesia include: (1) Superior neurologic monitoring associated with an awake patient with the potential to minimize interventions such as shunt insertion based on symptoms at crossclamping; (2) Less expensive; (3) Reports of more rapid recovery and shorter hospitalization.
Disadvantages of regional anesthesia include: (1) Requires an OR staff committed to working with patients under regional anesthesia, i.e., patience, gentle technique, re-enforcement of block as needed; (2) Lack of airway and ventilatory control; (3) Potential need to deal with complications in an awake patient, e.g., cerebral ischemia, airway obstruction, hypoventilation, confusion, agitation, angina; (4) Complications associated with cervical plexus blocks.
General Anesthesia
General anesthesia represents the most common anesthetic technique for CEA. There is no convincing evidence that the actual choice of general anesthetic agent significantly alters clinical outcome.
Advantages of general anesthesia include: (1) It may be more comfortable for patients and operating room staff; (2) It facilitates intraoperative control of ventilation, airway, and sympathetic responses; (3) It may facilitate management of complications such as cerebral ischemia, e.g., induced hypertension, pharmacologic suppression of EEG activity.
Disadvantages of general anesthesia include: (1) The (possible) need for an alternate method for monitoring cerebral function since it is possible that some remediable complications may not be detected prior to irreversible neuronal injury (e.g., cross-clamp intolerance, kink in carotid shunt, etc.); (2) Prolonged emergence may confuse postoperative evaluation; (3) It is more expensive.
Intra-operative Monitoring
A topic of great debate continues to be the necessity and value of intra-operative monitoring, in an attempt to recognize cerebral ischemia. If patients suffering ischemic insults could be identified, alterations in surgical and anesthetic technique may offer neuroprotective benefit. However, the value of one monitoring technique versus another has not been ascertained and different physicians use a wide range of monitoring modalities including not using one at all. The latter group bases its view on the fact that the perioperative stroke rate is not much different between those who monitor and those who do not thus making the major benefit of monitoring physician comfort and medico-legal protection.
Common monitoring techniques include EEG, SSEP and TCD. Unfortunately there are no randomized, prospective, blinded evaluations of any of these monitors.
The EEG is the most commonly used. There have been a few blinded cohort studies which found that the EEG is well correlated with CBF but only the most severe EEG changes are likely to be associated with poorer outcome. The inability of intra-operative EEG to detect all patients at risk is four-fold. Firstly, false negative rates may be higher in patients with existing neurological deficit due to increased difficulty of interpretation. Secondly, EEG cannot prevent delayed strokes or those attributable to embolic events, which account for the majority of strokes. Also, subcortical or small cortical ischemia may not be appreciated. Thus, the greatest value of the EEG may be to spare patients of the possible complications of unproven neuroprotective techniques. In addition to the above limitations, it entails additional costs, equipment, training and personnel.
Somatosensory Evoked Potentials (SSEP) has been even less well studied but is preferred by some because interpretation of prolonged latency and reduced amplitude are easier to identify and less subjective and they are only minimally altered by thiopental or propofol given to produce burst suppression.
Transcranial Doppler (TCD) can be used on its own or in conjunction with electrophysiological monitors. TCD measures flow velocity as a surrogate of blood flow usually in the middle cerebral artery. Its major benefit is probably in identifying emboli during dissection and (un)clamping and thrombosis at the endarterectomy site which then results in a reduction in flow.
Summary
Several large, prospective trials have now clearly defined an important role for CEA in the prevention of stroke among selected patients. As a result, the procedure has experienced a resurgence in popularity and recommendations have been established with respect to the appropriate selection of patients and acceptable risk. Currently, considerable interest is focused on the use of carotid angioplasty and stenting as an alternative to CEA. Several prospective trials designed to evaluate the efficacy and safety of these procedures are in progress. Controversy continues to surround the most appropriate choice of anesthetic technique for CEA. Current evidence is inadequate to definitively establish regional or general anesthesia as a superior technique. However, based on reported experience, satisfactory results can be achieved using either technique with respect to current recommendations concerning acceptable perioperative morbidity and mortality.
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